DNA was not inhibited, indicating that the primary action of GSSeSG was on protein synthesis. GSSeSG did not influence the growth of E. coli in a synthetic medium, although enhanced amino acid incorporation was observed. In the cell-free system derived from E. coli, amino acid incorporation was not changed by GSSeSG, indicating that elongation factor G, in contrast to elongation factor 2 of mammalian cell systems, is not blocked by GSSeSG.
Previously we have reported that the reaction product, GSSeSG, derived from Na2SeO3 and reduced glutathione, GSH, acted as a very potent inhibitor of amino acid incorporation in a cell-free system derived from rat liver (Vernie et al., 1974) . This inhibition resulted from the specific inactivation of elongation factor 2. Neither the binding of aminoacyl-tRNA to the ribosomes by elongation factor 1 nor the peptidyltransferase reaction nor the polyribosomes per se appear to be affected (Vernie et al., 1975 (Vernie et al., , 1978 .
In the present experiments we have investigated whether GSSeSG also inhibits protein synthesis in cell cultures. In addition the effect of GSSeSG was studied on the bacterial system of Escherichia coli, of which protein synthesis, among other things, differs from the mammalian system by using elongation factor G instead of elongation factor 2.
Materials and Methods Preparation of GSSeSG
GSSeSG was prepared by the reaction of GSH with Na2SeO3. The products formed were separated over Dowex 50W (X4) by using the method of Ganther (1971) . However, the concentrated GSSeSG Abbreviations used: GSSeSG, selenodiglutathione; GSSG, oxidized glutathionie; GSH, reduced glutathione. Vol. 180 solution was not freeze-dried but passed through a column of Sephadex-GIOmade up in twice-distilled water as reported previously (Vernie et al., 1974) .
GSSeSG was stored in twice-distilled water at -20°C. GS[75Se] SeSG was prepared from Na2[7sSe]-SeO3. The amounts of GSSeSG used in the experiments were calculated according to a millimolar absorption coefficient of 1.87 at 263nm (Ganther, 1971 Incorporation was stopped by adding 1.2 ml of 1 % (w/v) casamino acids. Samples of 1 ml were mixed with 1 ml of 0.06M-Tris/HC1, pH6.8, containing 2% (w/v) sodium dodecyl sulphate. Cells were lysed by keeping the tubes in a boiling-water bath for 2min, 2.5ml of 7% (w/v) trichloroacetic acid containing 0.1 % Hyflo was added, and the tubes were placed in ice for at least 1 h. The precipitate was filtered on paper discs [Schleicher and Schull 5892 (white band)] and washed with 3 x 5 ml of 3.5% (w/v) trichloroacetic acid and 5 ml of ethanol. The precipitate was dissolved in 1 ml of Hyamine hydroxide, scintillation solution was added and radioactivity was assayed in a liquid-scintillation counter.
Amino acid incorporation in a cell-free system from E. coli A cell-free protein-synthesizing system was derived from E. coli strain LMD 67.11 (identical with KA81, obtained from the Department of General and Applied Microbiology, Delft University of Technology). The procedure of Nirenberg (1963) was followed, with the exception that centrifugation of the cell extract was performed at 11 000g and the preincubation step was omitted. The 11 000g supernatant was passed through a column of Sephadex 
Results

Inhibition of protein synthesis by GSSeSG in 3T3-f cells
The effect of various concentrations of GSSeSG on amino acid incorporation by 3T3-f cells is presented in Fig. 1 . At low concentrations of GSSeSG (1-3pg/ml) almost no effect was observed. At higher concentrations a rapid decrease of the amino acid incorporation occurred, resulting in practically complete inhibition of protein synthesis at 4,g of GSSeSG/ml. In these experiments the cells were preincubated for 1 h with GSSeSG followed by incubation with [3H] Inhibitor role of GSSeSG
The following experiments were performed to investigate whether GSSeSG itself is the inhibitor and whether the inhibition of protein synthesis by GSSeSG is comparable with that in the cell-free situation. First Na2SeO3 and GSSG, which were not Vol. 180 inhibitory in the cell-free system (Vernie et al., 1974) , served as controls. As shown in Table 1 , neither GSSG nor Na2SeO3 at molar concentrations exceeding that of GSSeSG by about 6 and 20 times, respectively, inhibited amino acid incorporation. When GSSG and GSSeSG were added simultaneously, GSSG had no effect on the inhibitory action of GSSeSG. In the cell-free system derived from rat liver the inhibitory effect of GSSeSG can be abolished by GSH, provided that GSH is added before GSSeSG can react with elongation factor 2 (Vernie et al., 1975) ; addition of GSH to GSSeSG results in decomposition of GSSeSG to GSSG and elemental selenium via the intermediate GSSeH (Ganther, 1971) . As shown in Table 1 , GSH mixed with GSSeSG at a molar ratio of 4:1 failed to inhibit protein synthesis of the 3T3-f cells.
The effect of the culture medium on the inhibitory action of GSSeSG was studied next. Because GSSeSG is a relatively unstable component (Ganther, 1968) the possibility exists that during incubation it decomposes to harmless products such as GSSG and Se. Furthermore it may react with some factor in the medium to yield the ultimate inhibitor. To test this possibility GSSeSG was added to cell-free medium and after various periods of incubation, the medium was transferred to the cells. The cells were then incubated for 1 h, followed by further incubation with [3H]leucine for 30min. It is obvious from Table  2 that as the period of preincubation of GSSeSG with culture medium was increased, there was a correlative decrease in the percentage of inhibition; after 60min, no effect was seen. The breakdown of GSSeSG in the culture medium was dependent on the serum concentration of the medium (Table 3) .
At the critical concentration of 4pg of GSSeSG/ml and increasing serum concentrations from 5 to 20%, a decrease of inhibition of protein synthesis was recorded, resulting in complete loss of inhibition at 20%. The effect of cell number on the inhibitory action of GSSeSG is also illustrated in Table 3 ; the higher the cell number the lower the percentage of inhibition. This corresponds with the observed decrease in inhibition when GSSeSG was added to cells 48h (instead of 24h) after their inoculation. With excess of GSSeSG, these effects could not be detected.
Time course of the uptake of, and inhibition ofprotein synthesis by, GSSeSG
The uptake of GSSeSG by the cells was measured, and its correlation with the extent of inhibition of protein synthesis, was studied. Addition of GS[7"Se]SeSG resulted in a gradual increase of 75Se activity in the cells as shown in Fig. 2 .
In a control experiment in which GS[75Se]SeSG was preincubated for various times in culture medium followed by addition of this medium to the cells, washing and fixation, no radioactivity was bound to the cells. This excludes non-specific absorption of radioactive material to the cells. Concomitant with the uptake of 75Se, the incorporation of [3H]leucine was measured as a function of the incubation time with GSSeSG. As shown-in Fig. 2 , amino acid incorporation was not affected during the first 10min of incubation, but after Effect of GSSeSG on the growth andprotein synthesis of E. coli
The effect of various concentrations of GSSeSG on the growth of E. coli in a synthetic medium is illustrated in Fig. 3 . Up to a concentration of 50,ug of GSSeSG/ml, exceeding the inhibitory concentration on 3T3-f cells by more than 10 times, no inhibition of the growth of E. coli was observed.
The effect of GSSeSG on protein synthesis by E. coli was studied by preincubating these cells for 30min with GSSeSG followed by incubation with ['4C]leucine.
As shown in Table 5 , addition of GSSeSG resulted even in a more-than-2-fold increase of amino acid incorporation. This increase, being dependent on the concentration of GSSeSG, was also brought about by another selenium compound, Na2SeO3. Chloram-1979 [GSSeSG] (jg/ml) (Vazquez, 1974) , used as a control, caused a strong decrease in both growth and amino acid incorporation.
Effect of GSSeSG on amino acid incorporation in a cell-free system derivedfrom E. coli
GSSeSG was also tested in a cell-free amino acidincorporating system derived from E. coli. In Table 6 it is shown that even at the highest concentration of GSSeSG used, which exceeded the inhibitory concentration in the rat liver system by about 10 Vol. 180 inhibitor of elongation factor G (as it is of elongation factor 2) and hence of translocation, the translocation inhibitor fucidin [the sodium salt of fusidic acid (Vazquez, 1974) ], was used as a control. This compound turned out to be inhibitory (Table 6 ). Since GSSeSG does not inhibit the protein-synthesizing system, it can be concluded that it does not inactivate elongation factor G of E. co/i, the bacterial counterpart of elongation factor 2.
Discussion
We have demonstrated that in the cell-free system derived from rat liver, GSSeSG blocks amino acid incorporation through an inactivation of elongation factor 2 (Vernie et al., 1975) . In the present studies we show that GSSeSG inhibits protein synthesis in 3T3-f cells. This inhibition is not due to a product formed during incubation of GSSeSG in the culture medium; on the contrary, GSSeSG is inactivated after a longer incubation period. When GSSeSG was used at the concentration of critical inhibition, i.e. 4,ug/ml, it was observed that both cell number and serum concentration affect this process. Because thiols like GSH are capable of degrading GSSeSG, these factors are probably involved. It is likely that the serum contained thiols, and it is possible that GSH is excreted by the cells, as has been shown in perfused rat liver (Bartoli & Sies, 1978) .
The similarity between the effect of GSSeSG on amino acid incorporation in the cell-free system derived from rat liver and in 3T3-f cells suggests that the same mechanism is involved and that elongation factor 2 is blocked. From the activity of the added GS[75Se]SeSG, it can be calculated that maximally 31 ng of Se is taken up by approx. 1 x 106 cells. It is probable that not all Se is bound to elongation factor 2 but is also present in elemental form after degradation of GSSeSG to GSSG and Se, or is to some extent bound to other proteins. The possibility of incorporation of selenium from GSSeSG into protein is considered by Ganther & Corcoran (1969) .
The titration-like effect of GSSeSG on protein synthesis in 3T3-f cells, both with regard to time and GSSeSG concentration, suggests that some intracellular factor acts to detoxify GSSeSG. Such a process is found in the reduction of GSSeSG by glutathione reductase (Ganther, 1971; Hsieh & Ganther, 1975) Ganther (1971) , GSSeSG is the first intermediate in the metabolism of selenious acid in animal tissues. Because all forms of selenium are considered to follow a common metabolic pathway (Palmer et al., 1970) , it is probable that GSSeSG arises as an intermediate. As long as GSSeSG can be properly reduced to selenides, selenium can be excreted or incorporated into organoselenium compounds having essential biological functions (Hsieh & Ganther, 1975) . If, however, an excess of GSSeSG is formed, inhibition of protein synthesis is likely to follow, and GSSeSG may thus contribute to the toxicity of selenium compounds.
In contrast with the severe inhibition of protein synthesis in 3T3-f cells are the results with GSSeSG in the E. coli system. Most important, GSSeSG did not inactivate elongation factor G. The different effects of GSSeSG on the mammalian and bacterial ribosomal translocation factors elongation factor 2 and elongation factor G point to a specific reaction of GSSeSG with elongation factor 2. Previously (Vernie et al., 1975) we made the assumption that a selenium atom is inserted by GSSeSG between two SH groups on elongation factor 2, according to the reaction of the selenotrisulphide of mercaptoethanol with reduced ribonuclease shown by Ganther & Corcoran (1969) . A special configuration of two SH groups on the enzyme is obligatory for this reaction. Because elongation factor 2 and elongation factor G considerably differ in the half-cysteine content, 22 residues for elongation factor 2 (Robinson & Maxwell, 1972) and six for elongation factor G (Kaziro et al., 1969) , it is possible that GSSeSG cannot react with elongation factor G in an inhibitory manner. Further studies are needed to establish the mechanism of inactivation of elongation factor 2 by GSSeSG. The inhibition of protein synthesis in cells in tissue culture, however, opens a new perspective on counteracting tumour cells with seleno compounds of the general formula RSSeSR. These compounds are easy to synthesize from Na2SeO3 and RSH, and R could confer biological specificity, i.e., differential toxicity. The reaction products of cysteine or 2-mercaptoethanol and Na2SeO3 have already been shown to be inhibitory on amino acid incorporation in vitro (Vernie et al., 1974) .
In comparing other inhibitors of translocation with GSSeSG, a striking resemblance between the actions of GSSeSG and diphtheria toxin is noticed. Diphtheria toxin is a specific inhibitor of elongation factor 2 by ADP-ribosylation (Honjo et al., 1971) , and just like GSSeSG does not inhibit elongation factor G (Pappenheirner, 1977) .
